Western Kentucky University

TopSCHOLAR®
Masters Theses & Specialist Projects

Graduate School

5-1989

Partial Purification & Characterization of a
Carboxylesterase from the Greater Wax Moth
Larva
David Garst
Western Kentucky University

Follow this and additional works at: https://digitalcommons.wku.edu/theses
Part of the Biology Commons
Recommended Citation
Garst, David, "Partial Purification & Characterization of a Carboxylesterase from the Greater Wax Moth Larva" (1989). Masters Theses
& Specialist Projects. Paper 2388.
https://digitalcommons.wku.edu/theses/2388

This Thesis is brought to you for free and open access by TopSCHOLAR®. It has been accepted for inclusion in Masters Theses & Specialist Projects by
an authorized administrator of TopSCHOLAR®. For more information, please contact topscholar@wku.edu.

Garst,
David G.
1989

PARTIAL PURIFICATION AND CHARACTERIZATION OF A
CARBOXYLESTERASE FROM THE GREATER WAX MOTH LARVA

A Thesis
Presented to
the Faculty cf the Department of Biology
Western Kentucky University
Bowling Green, Kentucky

In Partial Fulfillment
of the Requirement for the degree
Master of Science

by
David G. Garst
May 1989

OF THESIS
AUTHORIZATION FOR USE

Permission is hereby
ky University Library to
granted to the Western Kentuc
er
tocopies, microfilm or oth
make, or allow to be made pho
rly
riate research or schola
copies of this thesis for approp
purposes.
s
making of any copies of thi
i reserved to the author for the
ns for research or scholarly
I thesis except for brief sectio
purpo se S.

r

Signed

(9,6LL46.

Date

ropriate box.
Please place an "X" in the app
will control
original of the thesis and
This form will be filed with the
future use of the thesis.

PARTIAL PURIFICATION AND CHARACTERIZATION OF A
CARBOXYLESTERASE FROM THE GREATER WAX MOTH LARVA

Recommended

cg-fiai
190C.
7
(Date)

Director of Thesis
-

"

Approved

al"
.-A9
(Date)

IS1

Dean of the Graduate CoJlege

ACKNOWLEDGMENTS

It is with the deepest sense of gratitude that I wish
to thank Dr. David R. Hartman for assigning me this project.
His sustained

guidance

and

valuable suggestions have

motivated me to search for answers, to test well-established
truths and to

present the

occurring phenomena.
Valgene L. Dunham

most logical evidence for the

I express my sincere thanks to Dr.

for

providing

the

facilities to carry out my research.

use

of necessary

His counseling and

suggestions have proven invaluable in certain areas of this
project.

I would like to thank Dr. Dunham for financial

support in the form of various assistantships and
faculty positions during my graduate program.

part-time

I express my

sincere thanks to Dr. Frank Taman and Dr. Martin Houston for
their never-ending support during my research.
given

me

They have
perfection

the courage to strive for sheer

throughout this project.

I am also grateful to all of the

Biology Department Faculty for their instruction and the
secretaries for their support during my
Western Kentucky University.
deep thanks to my wife and

period

of study

I would also like to express

family for their

support, patience, and understanding.

iii

at

emotional

TABLE OF CONTENTS

Chapter
I.
II.

Page
INTRODUCTION

1

MATERIALS AND METHODS

7

A.

Materials

7

1. Wax Moth Larva Diet
2. Esterase Enzyme Assay
3. Purification Procedures

7
7
8

Methods

9

B.

1. Insect Preparation
2. Preparation of the Crude Extract • • •
3. Ammonium Sulfate Fractionation
4. Spectrophotometric Determination of
Products
5. Protein Assay
6. Esterase Assay
7. Protein Concentration/Desalting
• • •
8. G-50 Sephadex Molecular Sieve
Chromatography
9. DEAE-Cellulose Anion Exchange
Chromatography
10. G-200 Gel Filtration
11. Non-Denaturing Polyacrylamide Gel
Electrophoresis (PAGE) . . . ...
12. Silver Staining Procedure for Protein .
13. Gel Staining for Esterolytic Activity .
14. Synthesis of 0-Acetyl-m-hydroxybenzoic
Acid
15. Determination of Substrate Stability. .
16. Determination of Enzyme Catalytic
Properties
17. Spontaneous Inactivation of the Greater
Wax Moth Larva Carboxylesterase . • • •
III.

RESULTS
A.

B.

9
10
10
11
12
12
13
14
14
15
15
17
18
18
20
21
24
25

Ultraviolet Absorption of Acetylsalicylic
Acid and Salicylic Acid

25

Ultraviolet Absorption of 0-Acetyl-mhydroxybenzoic Acid and m-Hydroxybenzoic
Acid

25

iv

Ultraviolet Absorption of 0-Acetyl-phydroxybenzoic Acid and p-Hydroxybenzcic
Acid

32

D.

Ammonium Sulfate Fractionation

32

E.

Protein Desalting and Concentration

F.

DEAE-Cellulose Anion Exchange Chromatography

37

G.

0-200 Gel Filtration

37

H.

Polyacrylamide Gel Electrophoresis . • • •

37

Spontaneous Hydrolysis of Substrate
with Ammonium Sulfate

41

Spontaneous Hydrolysis of Substrate
with Variations in pH

41

0-75 Molecular Sieve Chromatography
Elution of the Greater Wax Moth Larva
Esterase Enzyme

44

0-75 Molecular Sieve Chromatography
Elution of the Commercial Esterase
from Porcine Liver

44

Catalytic Properties of the Greater
Wax Moth Larva Carboxylesterase and
the Commercial Carboxylester Hydrolase
from Porcine Liver

1414

Stability of the Greater Wax Moth Larva
Carboxyl esterase Enzyme

48

C.

J.

K.

L.

M.

N.

IV.

V.

• • •

32

DISCUSSION AND CONCLUSION

56

A.

Purification

56

B.

Catalytic Properties

58

C.

Enzyme Stability

59

BIBLIOGRAPHY

60

LIST OF FIGURES

Figure

Page

1. The absorption spectrum of salicylic acid
in tris buffer

26

2. The absorption spectrum of acetylsalicylic
acid in tris buffer

27

3. The absorption of salicylic acid in tris buffer

28

4. The absorption spectrum of m-hydroxybenzoic
acid in tris buffer

29

5. The absorption spectrum of 0-acetyl-m-hydroxybenzoic acid in tris buffer

30

6. The absorption of m-hydroxybenzoic acid in
tris buffer

31

7. The absorption spectrum of p-hydroxybenzoic
acid in tris buffer

33

8. The absorption spectrum of 0-acetyl-p-hydroxybenzoic acid in tris buffer

34

9. The absorption of p-hydroxybenzoic acid in
tris buffer

35

10. Elution pattern of the greater wax moth larva
carboxylesterase from DEAE-cellulose using
linear elution

38

11. Elution pattern of the greater wax moth larva
carboxylesterse from 6-200 sephadex column
chromatography

39

12. Non-denaturing polyacrylamide gel electrophoretic patterns of (a) 6-200 fraction and
(b) DEAE-cellulose elution fraction, from a 3%
stacking, 91 resolving gel

40

13. Spontaneous hydrolysis of the substrate
molecules with 50% saturated ammonium sulfate
solution

42

14. Spontaneous hydrolysis of the substrate molecules
with variations in pH

43

vi

15. The G-75 elution pattern for the greater wax
moth larva esterase enzyme

4c

16. The G-75 elution pattern for the commercial
carboxylic -ester hydrolase from porcine liver.

46

17. The Lineweaver-Burk plot for determination
of Km and Vmax values using the ccmmercial
esterse with actylsalicylic acid as the substrate

49

le.

The Lineweaver-Burk plot for determination of Km
and V max values using the commercial esterase
with C-acetyl-p-hydroxybenzoic acid as the
substrate

19. The Lineweaver-Burk plot for determination of
Km and Vmax values using the commercial
esterase with C-acetyl-m-hydroxybenzoic acid as
the substrate
20. The Lineweaver-Burk plot for determination of
Km and V max values using the greater wax moth
Larva Esterase with 0-acetyl-p-hydroxybenzoic
acid as the substrate

c0

51

LIST OF TAFLFS

Page

Table
1. Purification Data for the Greater Wax Moth
Larva Carboxylesterase

36

2. Catalytic Data for the Greater Wax Moth
Larva Carboxylesterase and for the
Commercial Carboxylic-ester Hydrolase

53

3. Spontaneous Inactivation of Esterolytic
Activity

54

PARTIAL PURIFICATION AND CHARACTERIZATION OF A
CARBOXYLESTERASE FROM THE GREATER WAX MOTH LARVA

David G. Garst
Directed by:

May 1989

62 pages

Dr. David R. Hartman, Department of Chemistry,
Dr. Frank Toman and Dr. Martin Houston

Department of Biology

Western Kentucky University

Various properties of a carboxylesterase of the greater
wax moth larva, Galleria melionella (L.), and

a commercial

carboxylic ester hydrolase (EC 3.1.1.1) from porcine liver
were examined.

The larval enzyme was partially

Esterase activities were determined
acid, 0-acetyl-m-hydroxybenzoic

with

purified.

acetylsalicylic

acid, and

0-acetyl-p-

hydroxybenzoic acid in tris buffer (0.05 M tris, 0.1 M EDTA,
pH 7.85).

The larval

enzyme was partially

purified by a

combination of acetone powder preparation, ammonium sulfate
precipitation, anion exchange chromatography, 0-200 gel
filtration, and polyacrylamide gel electrophoresis (PAGE).
The acetone powder preparation

was initially obtained

and tested for esterolytic activity.

The ammonium sulfate

fractionation greatly increased the stability of the enzyme
preparation.

After 18 days of refrigerated storage, 63% of

the original specific activity remained.
activity

was

The

specific

increased from 0.108 umod/min/mg to 1.415

umol/min/mg by the 50% ammonium sulfate fractionation.
step also decreased the total protein content by 50%.
1.x

This
The

enzyrre

was

further

purified

chromatographic techniques.

by

Fach

a

combinaticn

of

procedure showed

an

increase in specific activity with a considerable reduction
in

the total protein content.

fractions were separated
phoresis.

Various chromatographic

polyacrylamide gel electro-

by

There was a large

reduction

in

the

number of

protein bands observed, with only one strong band of protein
present

after

the

final

purification

procedure

was

performed.
The kinetic behavior of the larval

enzyme

and

the

commercial esterase with different substrates was studied.
Using the commercial enzyme, the V max

and Km

values were

found to be 0.0246 umol/min/mg and 7.62 OA, 0.227 umol/min/mg
and

1.61

uM,

1.1 1

umol/minimg

and

1.67

uM, for

acetylsalicylic acid, 0-acetyl-m-hydroxybenzoic acid, and Cacetyl-p-hydroxybenzoic acid
respectively.

used

Using the larval

as substrate molecules
enzyme, the

V

max

and Km

values were found to be 0.116 umol/min/mg and 9.09 uf." when
the substrate being used was C-acetyl-p-hydroxybenzcic acid.
Spontaneous hydrolysis of the various hydroxybenzoic
acid ester substrate molecules was observed
values in

pH.

with varying

The acetylsalicylic acid showed considerable

hydrolytic rates over a broad range in pH (6.5-8.6).

The C-

acetyl-p-hydrcxybenzoic and 0-acetyl-m-hydroxybenzoic acid
demonstrated considerable rates of hydrolysis at pH values
above 8.0, and negligible rates at pH values below 8.0.
Spontaneous

hydrolysis

molecules was observed

of

the

various

substrate

in 50% saturated ammonium sulfate

solutions.

The rate of hydrolysis

was significant

and

interferred with low specific activity enzyme preparations.

x1

I.

INTRODUCTION

Esterases are a group of enzymes which catalyze the
hydrolysis of various types of uncharged esters:

Ester + water

est

s> alcohol + acid

These esterases are widespread in nature and are present in
animals, plants, and

microorganisms (1).

There

is also

another group of enzymes that catalyzes the same reaction
Roth esterases and lipases can attack the

known as lipases.

same molecule but which one does attack
concentration

and

depends on

the

the physical state of the substrate.

Lipases will attack emulsified esters since they
water -substrate interface.

need the

On the other hand, esterases

will only attack completely dissolved

esters (2).

In the

present study, we were particularly interested in a group of
esterases that catalyze the hydrolysis of the carboxyl ester
linkages.
esterases

There
that

are

at

least

catalyze

three

this

major

reaction,

groups

namely,

arylesterases, carboxylesterases, and cholinesterases.
are classified

by

their

of

They

sensitivity tc inhibitors and

activators.
Cholinesterases, the

most common

and

most

widely

studied class of esterases, are inhibited by 10-5 M eserine
(3).

Esterases that are not inhibited

by eserine are then

further classified as aryl-, carboxyl-, or 0-esterases on

2
the basis cf their sensitivity to organophosphate compounds
(4).

Arylesterases are not inhibited

compounds

but

actually

hydrolyze

by organophosphate
these

compounds.

Arylesterases hydrolyze aromatic esters and aliphatic esters
containing a double bond adjacent to the ester linkage in
the alcohol moiety (5).

They are activated

by calcium and

inhibited by chelating agents and sulfhydryl inhibitors (6).
Carboxylesterases, classified earlier as ali-esterases, are
sensitive to low
inhibitors.

concentrations

They

are activated

of

organophosphate

by these compounds and

reported to hydrolyze other derivatives of carboxylic acids
such as amides (7), acid anhydrides (8), and thioesters (9).
The C-esterases do not hydrolyze nor are they inhibited by
organophosphate compounds (10).
The esterases for the present study were extracted from
the greater wax moth larva, aallg_ria

(L).

These

insects feed on the beeswax of honeycomb and therefore are a
menace to honey growers.

The esterases of the greater wax

moth larva are categorized as carboxylesterases (11).
Beeswax

of the honeycomb consists of 50-80% lipids.

More than 72% of the lipids are monoesters of long-chain
acids and alcohols, 13%

are free fatty

acids, and

remainder of the lipids are hydrocarbons (12).
in

the

gut of the larva

alcohols in

the

unsaturated

fatty

The esterase

convert the various acids and

honeycomb

into

acids (13).

ingested wax is utilized

the

and

saturated

normal
Only

metabolized

about 50%

and

of the

by the wax moth.

The excess acids resulting from the high

lipid diet are

3
The mechanism of the wax digestion

excreted (14).
wax

moth

studied.

extensively

been

has

by the

Niermerko and

Weadower (15) suggested that the esters are hydrolyzed

The alcohol moiety is then

the gut to an alcohol moiety.

oxidized to fatty acids which are further broken down.
hydrocarbon

beeswax

by the same mechanism as that in

metabolized
Omega

of the lipids of

fraction

oxidaticn

of

in

hydrocarbon

by

The

may be

bacteria.

bacteria

is

well

documented and reviewed by Van Der Linder and Thysse (16).
McCarthy (17) has found

that hydrocarbons undergo omega

oxidation in the lumen of vertebrates and are converted into
acids and phospholipids.
The nature cf the enzymes that are responsible for the
hydrolysis of carboxylic acid esters of beeswax in the wax
moth is not yet fully understood.

The mechanism of esterase

action is thought to be similar to that of proteolytic
enzymes.

The

deacylation

of esters by

generally believed to proceed
serine and

by

the enzyme is

a mechanism involving a

histidine residue on the enzyme and an unknown

acid.
In 1966, Jacobson (20) and Young (19) isolated a number
of esterases from the gut of -aile-ia mellon_elia (L.).

The

larvae were reared on a synthetic diet that consisted of
infant cereal, honey, and glycerol (19).
about 3% lipid (20).
was modified

For the present experiments, the diet

tc include beeswax

stimulate growth and
insects reared

This diet contains

and

vitamins which would

esterase activity.

The 2ipids of

on either diet are about 85% triglycerides,
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although

the

wax -fed

phospholipid.

moths have

The fatty

almost

twice

as

much

acid content of wax moths is not

affected by diet (21).
It was postulated that there would

be differences in

activity of esterases in the gut of Gal1_tr_14
, roellonila (L.)
due to stages of development and differences in diet.

The

dependence of the enzymatic activity of protease in the gut
on development in the last twc larval instars and in the
pupa of aallerla melionglia (L.) was examined
Krieg (22).

by janda and

Krieg (21) investigated changes in the activity

of esterase in the 6th and 7th larval instars.

Krieg (21)

investigated changes in the activity of esterase in the 6th
and 7th larval instars.

Krieg (21) examined the effect of

natural and synthetic diet on esterase activity.

Similar to

protease, the total activity of esterase increased from the
beginning of the 6th instar with a moderate slowing down at
ecdysis up to the 4th day of the last
decreased.

instar, and

The greatest decrease is apparent between the

5th and 6th days of the last instars, apparently
cessation

meiiQnkila
food, they

then

of food

intake.

If the larvae

of

due to

aaiiria

(L.) had the choice between natural and synthetic
preferred the natural food

less favorable

to

their

growth

and

even though it was
development (21).

Another study by Dai duy Ban (23) also indicated

decreases

in all enzymatic activity in Galieria mglionelia (L.) during
starvation

which

returns to

normal

Jacobson (20) showed that diet did

after

refeeding.

not seem to affect the

pattern of esterases of GaLlerila luilonlia (L.) and all the

5
proteins were present in larvae fed on either synthetic or
beeswax diets.
The carboxylesterases in animal and insect systems
exist mostly

in multiple molecular forms (1).

Hubby (24) found six

Narise and

electrophoretic variants of the same

esterase from Drosophila ilakildoat_.ura; two were studied and
were found to have no differences in activity.
and

Masters (25) also confirmed

carboxylesterases in

Kingsburg

multiplicity

the

of

numerous vertebrates including pig,

sheep, horse, ox, guinea pig, and rat.

These esterases may

exist in dimer form of molecular weight that ranges from
145,000 to 160,000 or a monomer of molecular weight 80,000.
2acobson (20) and Young (19) isolated ten esterases from the
gut of Gall_exia mellonelia (L.) by means of polyacrylamide
gel column chromatography.
were found

Six or seven different esterases

by disc gel electrophoresis.

the gut of wax

The esterases from

moth larvae were classified

carboxylesterases because they
chloromercuric-benzoic

acid

and

were

not by

as all-, or

inhibited

by

p-

eserine which

is

characteristic of this class of esterases (20).
Hofstee (26) described the kinetics of ester hydrolysis
by

carboxylesterases

distinct steps.

with

a

mechanism

involving three

Adsorption of the substrate on the surface

of the enzyme, acylation of the enzyme and concomitant
liberation of alcohol, and finally liberation of acid

and

reactivation of the enzyme.
Upadhya et al. (1) isolated esterases from germinated
finger millet seeds.

They assayed the enzyme at

varying

6
concentrations of naphthyl esters and from the LineweaverBurk

plcts, the Km and

V

naphthyl acetate, Km
1-naphthyl

max

values were

determined (1-

1.176 mM, V max = 2.106 nmol/min/mg,

propionate, Km

0.86

mMI,

V

max

, 3.225

nmol/min/mg).
The kinetic results of the enzyme assay indicated that
the alcohol product (1-naphthol) gave linear non-competitive
inhibiticn

while

inhibition.

acetic

acid

gave linear competitive

This is consistent with the ordered release of

products by the enzyme (i.e. the alcohol released first and
the acid component second) as described by Hofstee (26).
The
partially

present study
isolate and

was

initiated

purify

as an

the esterase

attempt to

enzyme.

In

addition, different kinetic properties were observed

in

which three different substrates (one net formally cited

in

previous
activity.

literature) were

used

to

monitor

enzymatic

7

II.

A.

MATEFIALS AND METHODS

Materials

The diet components were Gerber Mixed Infant Cereal
(Gerber Products Co., Fremont, Michigan), U.S.P. glycerol
(Matheson, Coleman and Bell, Norwood, Ohio), Poly

Vi-Sol

vitamin tablets (Mead Johnson Laboratories, Evansville,
Indiana), table sugar, crude honey, and crude beeswax.
2.

terase Enzyme Assay
The reagents for the buffer were Trizma Base - tris

(hydroxymethyl) amino methane (Sigma Chemical Company, St.
Louis, Missouri), and

the disodium

salt of ethylene-

dinitrilotetraacetic acid (EDTA) purchased from
Coleman and

Bell (Norwood, Ohio).

Matheson

The hydrochloric acid

(HC1) and sodium hydroxide (NaCH) used to pH the buffer were
reagent grade.

The acetylsalicylic acid, and C-acetyl-p-

hydroxybenzoic acid
enzyme were

that were used

purchased

from Sigma

as substrates for the
Chemical Company.

The

salicylic acid used to calculate the enzymatic hydrolysis of
the substrate was purchased from Matheson Coleman and Bell.
The

m-hydroxybenzoic acid, used

in

the

synthesis of the

substrate and in calculating the enzymatic hydrolysis of the
substrate, was purchased from Sigma Chemical Company.
p-hydroxybenzoic

acid

used

The

to calculate the enzymatic

hydrolysis of the substrate was also purchased from Sigma

8
The bovine serum albumin ard the protein

Chemical Company.
assay

dye concentrate, used

purchased

determination, were
California).

in

The commercial

hydrolase), used

Bio-Pad

the

protein

frcm Rio-Pad (Richmond,
enzyme (carboxylester

in the calculation of kinetic properties,

was purchased from Sigma Chemical Company.

The greater wax

motn larvae, used as a source of the carboxylesterase, was
purchased from the Carolina
(Charleston, South

Supply

Biological

Carolina).

Company

The pH reference buffer

solutions were purchased from Scientific Products (McGraw
Park, Illinois).

3.

Purification Pro edurez
Spectral grade acetone and reagent grade ether were

obtained from Eastman Kodak Company (Rochester, New York).
The

Centr icon

concentrator,

microconcentrators

used

in

the

the

and

Amicon

concentration/desalting

procedures, were purchased from Amicon (Danvers, Maryland).
The Wiz peristaltic pump/diluter/dispenser and

the fraction

collector-retriever II, purchased from Isco Company were
used in the chromatographic procedures.

All of the columns

used for chromatographic procedures were obtained from BioF. a d.

The

stain

the

polyacrylamide gels, was also obtained from Bic-Rad.

The

silver

staining

kit,

used

DEAE-cellulose, G-200, G-50, and G-75
obtained

from

the Sigma

Chemical

to

resins

Company.

used

were

All other

materials used in the purification procedures came from the
Sigma Chemical Company.
purification

Various instruments used during the

procedures were: a Research Grade Gilford

9
Response U.V./Vis. spectrophotometer, Beckman

J2-

1,'E

centrifuge, electrophoretic equipment and power supply from
Pic-Pad, and
(model

a temperature sensitive shaking

25) from

Precision

Scientific

water

bath

Group (GCA

Corporation).

B.

Methods

1.

Ins.Q_c_I_Er.eparation
a.

.1.1.111.11.1t_QL_Ih.eater_Wil..__Ms2.111L.

Wax

moths,

0derjme1.1onei1a, were reared in screen-covered five-gal.
buckets.

A synthetic diet was used to support growth of the

organisms.

The diet was prepared

by boiling a mixture of

OC) g sucrose and 500 mL of equal parts glycerol and water.
Baby vitamins (10 tablets, finely crushed) were added and
the mixture was heated until all components dissolved.
mixture was poured

The

over twenty-four oz. of Gerber Mixed

Cereal.

Twenty-five mL of crude honey, and 250 g of melted

beeswax

were then added, and the mixture was continuously

stirred

until a consistency of moist dough

Was

achieved.

The mixture was then transferred to a clean, dry five-gal.
bucket.

A

supply of wax

placed in the bucket.

moth eggs, or larvae, were then

The bucket was covered with a screen-

covered lid, and incubated at a constant temperature of 35°C
(95°F).

After 4-6 wk. of incubation the larvae emerged and

immediately entered a phase of rapid growth.
growth continued approximately two weeks.

This phase of

A temperature of

35-37°C, and a relative humidity of 50-60% appeared to be
optimal growth conditions for the organism.

10
h.
larval

Earyczting_tbe_artattr_Wax_Blath_larmag.

growth was monitored

The

periodically, and after two

months, the larvae measuring approximately 3/4 in. were
removed.

The larvae to be used in the extraction procedure

were weighed, and the remaining organisms were stored in the
freezer.

The initial extraction was carried out as soon as

possible.

2.

Preparation of the Crude Extract
The larvae were transferred to a Dounz homogenizer

and extracted with ice cold tris buffer (0.05 M tris, 0.1 M
EDTA, pH 8.6).

Initially, 10.06 g of larvae were extracted

with 170 mL of buffer.
x g, 30 min, 2°C).

The extract was centrifuged (23,000

The liquid was decanted and filtered

through a millipore filter (0.45u).

The filtrate, appearing

clear, and having a yellowish appearance, was stored on ice.
The resultant liquid was assayed for esterase activity and
protein concentration.

3.

Ammonium Sulfate FractionaIion
Solid ammonium sulfate crystals were added directly

to the above crude extract to yield the desired percent
saturation.
min.
and

The solid was slowly added over a period of 45

The solution was stirred constantly during the period,
the temperature was held

constant at 2-3°C.

The

solution was then stirred slowly for a additional 30 min.
after

all of the solid

had completely dissolved.

solution was then transferred
centrifuged (17,700 x

The

to centrifuge tubes and

g, 30 min., 2°C).

The liquid was

11
decanted and stored in the cold room.
was discarded

because it showed

The resultant pellet

minimal

activity over a

number of duplicated experimental procedures.
which was stored

The liquid

in the cold room was assayed for esterase

activity and protein concentration.

4.

ri

SpectrophQetr.jc D.ttermination

Three different substrate molecules were used for
the

determination of esterase activity; acetylsalicylic

acid, 0-acetyl- p-hydroxybenzoic acid, and
hydroxybenzoic

acid.

Free

C-acetyl-m-

p-hydroxybenzoic acid, the

product of the enzymatic hydrolytic cleavage of C-acetyl-phydroxybenzoic acid, strongly absorbs ultraviolet (UV) light
at

the

wavelength

hydroxybenzoic

acid

particular wavelength.

of

279.8

The 0 -acetyl-p-

nm.

does not absorb

strongly

at this

This principle provides a convenient

and sensitive method for the determination of purity and
spontaneous hydrolysis of the substrate.

The same principle

was applied to salicylic acid and m-hydroxybenzoic acid, the
products of enzymatic hydrolytic cleavage of acetylsalicylic
acid, and 0-acetyl-m-hydroxybenzoic acid, respectively.
The measurements were carried
Response UV/Vis Spectrophotometer.

out

with

a

Gilford

Solutions of substrate

were prepared by dissolving the correct amount of ester in
1-2 mL of 95% ethanol and diluting to the correct volume
with tris buffer (0.05 M tris, 0.1
substrate

solution

M EDTA, pH 7.85).

was then adjusted

to a

The

pH of 8.6 to

maximize the activity of the enzyme towards the substrate.

12
Preparation of the substrate solution was done immediately
prior to enzymatic assay due to the

of the

instability

substrate in buffered solution.

ELQ t

lz_.5.ax

The protein concentration was determined by the Bioassay

Rad

procedure at 595 nm

UV/Vis Spectrophotometer.

A

with the Gilford
0.1

mL

volume of

Response
protein

solution to be assayed was combined with a 5-mL volume of
diluted dye reagent.

The tube was inverted several times to

insure complete mixing.

The mixture was incubated at room

temperature for 15-20 min.

The absorbance at 595 nm was

measured against a reference mixture containing diluted dye
reagent.

The protein concentration

was obtained

from

a

standard curve using bovine serum albumin as the standard.

E.

1..5I..Qrase AL..aa.y
Esterolytic activity of the esterase was detected

from the ammonium sulfate fractionated
final salt concentration of 50%.
were

performed

at 20°C

and

pH

preparation at a

All tests for activity

8.6 with 1-mL cuvettes.

Reaction rates were monitored over a 5-mir. period
Gilford Response UV/Vis spectrophotometer.

with the

The evolution of

salicylic acid, p-hydroxybenzoic acid, and m-hydroxybenzoic
acid products was monitored at 296 nm, 279.8 nm, and 287 nm,
respectively.

One mL of a 0.01

M solution of 0-acetyl-p-

hydroxybenzoic acid (substrate) was added to each of two
cuvettes.

An aliquot of the enzyme solution was then added

to the reaction cuvette, and

the reaction was immediately

13
monitored for a 5-min. period.
contained 0.01

The reference cuvette

V substrate in tris buffer (0.05 M tris,

0.1 M EDTA, pH 8.6) for all reactions.
reactions were calculated

by

Initial rates of

the spectrophotometer in

The specific activity was then expressed as umoi of

dA/min.

product formed per min. per mg. protein present in the total
reaction mixture.

The umols of product formed per min. were

obtained from a standard curve of free product formation for
varying concentrations at the particular maximum absorbance.

7.

Protein ConcentratiDDLDesalting
Protein concentration and desalting were carried out

simultaneously with the Amicon concentrating unit equipped
with a PM-10 or PM-30 filter.
and

desalted

A solution to be concentrated

was accurately

protein content were recorded.

The volume and

measured.

The PM-10 (filter of choice)

was equilibrated with the appropriate buffer for 45-60 min.
The Amicon unit was then assembled, and the protein solution
was added.

Filtration was accomplished

by

nitrogen gas

being forced into the unit at a constant pressure of 30 psi.
When the protein solution achieved

a

volume of 2-3 mL,

buffer was added to the unit and the filtration process was
repeated.

The filtration process was repeated 2-3 times in

an attempt to efficiently remove the salt.

A final volume

of 3-5 mL was acceptable.

8.

G-50 ....epha_d_ex lio1ecular_aigyt_ChromatogrAJW2Y.
The primary purpose for this type of chromatography

was to provide a quick and efficient alternate method for

14
desalting protein solutions when concentrating of those
solutions was not necessary.

A

thick slurry of the resin

was prepared by mixing the appropriate amount with buffer.
The Sephadex

beads

were allowed

to expand fully, while

constant slow stirring was performed.
thick

resin was poured

After 1-2 hr., the

into the column in a single acticn

with the tube exiting the column closed off.

As the resin

started to settle, the clamp was released from the exiting
tube.

This allowed the buffer to flow freely and enhanced

the packing of the column.

Several volumea of buffer were

applied to the column (10 mL each), to achieve the maximum
packing of the resin.
closed

The clamp around the exiting tube was

and a 2-3 mL volume of buffer was applied to the top

of the resin.

The column

wa:- covered

with

a lid and :eft

for later use.

9.

DEAE-Ceilulosk_Anion_Exchanze Cbromatogra.pby
A 6-mL

volume of the concentrated desalted protein

solution was applied to a DEAE-cellulose column (1.8 x
cm).

The column

was washed

buffer (0.05 M tris, 0.1
of 60 mL/hr. was used

with

25

137.5 mL of the starting

M EDTA, pH 8.6).

A pump flow rate

and 2.5 mL fractions were collected.

The enzyme did not adhere to the column, and passed through
during the wash, being eluted close to the void volume (16
mL).

A linear salt gradient (0-1 M KC1) was applied to the

column and 1.5-mL fractions were collected.
Each of the fractions from the wash and from the linear
salt gradient were analyzed

with the spectrophotometer at

15
280 nm for protein content.

The fractions showing

the

highest absorbance at 280 nm were tested for esterolytic
activity and protein concentration (Bic-Pad).

10.

1-L-2_a_Q. Qe.1 Fjjration
Fractions from the

DEAF

column

were

pooled

and

applied onto the surface of a Sephadex G-200 column.

The

column was washed

with

EDTA,

100 mL of starting

buffer (0.05 M

tris, 0.1

M

collected.

Each of the fractions were monitored

pH

8.6) and

1.5-mL

fractions

were

at 280 nm.

Fractions showing the highest absorbance were subsequently
monitored

for

concentration.
stored

esterolytic

activity

Two fractions showed

for further

analysis

by

and

protein

activity, and

pol y a c ry I am

were

de

ge:

electrophoresis.

11.

nui-D.nIlarinii_f12.1.y.arylamllt___Lei_LieL.Irol)hQresis
LEMILI
The resolving and stacking gels were prepared from a

combination

of three

stock

solutions.

acrylamide solution) was prepared

by

Stock

A: (3e%

adding 29.2% (w/v)

acrylamide along with 0.8% (w/v) bis-acrylamide to a total
of 100 mL deionized water.

Stock R: (Resolving buffer) was

prepared by adding 45.41 g tris to 250 mL deionized
yielding a

1.5 M tris buffer, pH 8.8.

buffer) was prepared

water

Stock S: (Stacking

by adding 30.28 g tris to 250 mL

deionized water yielding a 1.0 M tris buffer, pH 6.8.
a.

Er.eara_LIQn_Ql_a_9_,_SAL_r.QL12.1.illIg_gei.

The

resolving gel was prepared by the stepwise addition of 13.1

16
mL of DI water, 7.5 mL of stock R, 0.15 mL of 11% ammonium
persulfate, and

0.015

mL

of

N,N,N,N-tetramethyl-

ethylenediamine (TEMED), (total volume: 30 mL).

The stacking

Ertparalipz_pf a 311.aking

b.

gel was prepared by the stepwise addition of 7.05 mL DI
water, 1.25 mL stock S, 0.1 mL of 11% ammonium persulfate,
and 0.005 mL of TEMED (total volume: 8.5 mL).
c.

Preparation of a tris/glycine electrophoresia
buffer.

The electrophoresis buffer was prepared

by adding 15.15 g of tris-HC1 and 72.4 g of glycine to a
This yielded a tris/glycine buffer

total of 5-L DI water

consisting of 0.025 M tris, 0.192 M glycine, pH 8.3.
d.

Preparati2n pf a aAmpl& z2lient.

The solvent

was prepared by adding glycerol (10% v/v), with bromophenyl
blue (0.001% v/v), and

DI

water for

a

total volume of

25.0 mL.
e.

The 9.0% resolving

EleL.Irs2PhDrtI1C_Prpg.edure.

gel solution was poured between two glass plates.

After 45-

60 min., the gel was overlaid with a 1-2 mL layer of stock S
and allowed to set overnight.

The thin layer of stock R was

then decanted off, and the stacking gel solution was poured
on top of the resolving gel.
was positioned, and

At this point the sample comb

the stacking gel

polymerize approximately 2-4 hr.
removed

and

was allowed

to

The comb was carefully

the glass plates containing the gel were

attached to the electrophoresis unit.

The electrophoresis

unit was then filled with buffer, completely submerging the
gel.

A sample to be separated was then mixed with the

17
sample solvent in a 5:1 ratio, respectively.

The electrodes

were connected to the unit, and a constant current of 35 mA
was allowed to flow through the system for 1 hr. to oxidize
the ammonium persulfate catalyst.

The electrodes were

disconnected, and the samples were loaded into the sample
wells.

The samples were electrophoresed with a constant

current of 25-30 mA, 2-4°C for six hrs.
12.

Silver Staining Proc.edure for_Ersilain
Gels to

be

stained

were

placed

in

a fixative

solution, 40% methanol/10% acetic acid (v/v), and allowed to
react for 45 min.

Next, the gels were fixed

with two

successive volumes of a different fixative solution, 10%
ethanol/5% acetic acid (v/v).

The gels were placed in the

oxidizer solution containing potassium dichromate and nitric
acid, and left for ten min.

Gels were submerged in DI water

and allowed to soak for 5 min.

This step in the procedure

was repeated three times, or until all of the orange color
(potassium dichromate) had disappeared from the gel.

Gels

were transferred to the silver reagent, containing silver
nitrate, and allowed to react for a 30-min. period.

The

gels were washed with DI water for two min., and added to
the developing solution.

The gels were allowed to develop

approximately 30 sec. until the solution turned a yellow
color, or until a brown "smoky" precipitate appeared.

The

developer was poured off, fresh developer was added, and
gels were allowed to develop for 3-5 min.

This step in the

procedure was repeated until protein bands appeared with the

18
The gels were quickly transferred

desired amount of stain.

acetic acid (v/v), which terminated

to the stop solution,

process.

the developing

The gels were transferred to a

light box, photographed, and

with DI water in the

stored

cold box.

13.

Gel Stalaing fgr_ELIgrsaylic
portions of

Specific

polyacrylamide

Esterase activity was

stained for esterolytic activity.
by

detected

gels were

placing excised portions of gels for 30 min. at

370C in 100 mL of tris buffer (0.05 M tris, 0.1

M EDTA, pH

20 mg

of the

substrate (1-naphthyl butyrate) in 2 mL of acetone.

After

7.85) containing

40 mg Fast Blue

RR

and

30 min. of reaction time, the gels were examined for bands
containing activity.
protein

Bands of activity

were matched

with

bands from silver stained gels, and the appropriate

bands were to be electroeluted into buffered solutions.

14.

ayntrezis of Q1-.acetyl-m-hy.droxyb_enz.Q.Lc Acid
A

volume

of tap

water

preheated

was

to

85 ° C.

Throughout the procedure the temperature of the water did
not exceed 90°C, since the product may decompose above this
temperature.

A

2-g sample of m-hydroxybenzoic acid

transferred to a clean, dry test tube.

was

Twenty mL of glacial

acetic acid and 4 mL of acetic anhydride were added down the
side of the test tube to remove all

of the

solid.

The

mixture was stirred with a long glass stirring rod until all
of the m-hydroxybenzoic acid was dissolved.
concentrated

sulfuric

acid ( 1 2S0

4/

were

Five drops of
added

to

the

19
mixture.

The test tube was clamped in the 85°C water bath

so that it was about one inch from the bottom of the beaker.
The reacticn mixture was heated, and constantly stirred for
a 20-min. period.

The mixture was cooled

water over the bottom end

by

of the test tube until the tube

was comfortable to the touch.

Approximately "() mL of ice

cold DI water was placed into a 150 mL beaker.
beaker

placed

was

into

container) that contained

a

250 mL

ice.

into the 150 mL beaker.

poured

with 10 mL of ice-cold
beaker.

running tap

The 150 mL

beaker (or another

The reaction mixture was
The test tube was rinsed

DI water, and added to the 150 mL

The mixture was stirred for 5 min.

As crystals of

0-acetyl-m-hydroxybenzoic acid began to form, the solution
became cloudy.

Crystallization

could

be accelerated

by

scratching the inner wall of the beaker with the stirring
rod.

When

crystallization

appeared as a white, cloudy
allowed

was completed, the product

precipitate.

to stand for about ten

The beaker was

more min. in the ice bath.

The product eventually filled about half the volume of the
beaker.

The

product was filtered

through

a Whatman #1

filter paper, using ice cold DI water from the wash bottle
to make a complete transfer of the product.

At this point

there was still a small amount of unreacted m-hydroxybenzoic
acid, and acetic acid contaminating the product.

Roth of

these impurities are soluble in water while the product is
much less so.

To remove the impurities, the product was

washed with 5 successive 1C-mL volumes of ice-cold DI water.

20
The

product for purity.
to

each

test

Iron(III) Chloride

of

three

3

used

to test the

About 20 drops of DI water were added
clean

tubes.

test

A

crystal

of

to the first test tube.

hydroxybenzoic acid was added
the second,

was

mIn

crystal of the synthesized substrate, and the

third test tube was a control.

To each test tube, one drop

of Iron(1II) chloride solution was added.

The test tubes

shaken for 2-5 min., and then

were covered with corks and

observed for colors produced.

15.

Determi atian Qf Lub:,tratt_3tatility
a.

Sp.onlan.tolls ilydroiysi5 of substrates with

iariatiQnz_in_12B.

Substrate solutions of 0-

acetyl-p-hydroxybenzoic acid, 0-acetyl-m-hydroxybenzoic
acid, and

acetylsalicylic acid

buffer (0.05 M tris, 0.1
concentration

of 0.01

M

M.

were prepared

with tris

EDTA, pH 7.85) for
The

a

final

pH of the solutions were

adjusted to the appropriate values, ranging from 6.5 to 9.0,
and monitored against a reference solution (tris buffer) for
a 1 -hr. period.

The change in absorbance for each of the

substrates, monitored

at the

wavelength

for

maximum

absorbance of the respective product formation, was observed
and recorded.
b.

hYdrolyzi,a szl_zubstrate
%A)ntan_tQILa
-

with EOL
Substrate

solutions of 0-acetyl-p-hydroxytenzoic acid, 0-acetyl-mhydroxybenzoic acid, and acetylsalicylic acid were prepared
with tris buffer (0.05 M tris, 0.1

M EDTA, pH 7.85) for a
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final concentration of 0.C1 P.
solutions was tested

in

Each of the three substrate

the following

manner.

A

3C0-uL

volume of a tris buffer solution (0.05 M tris, 0.1 M EDTA,
pH 7.85), with a final saturation of 50% ammonium sulfate,
was added
tested.

to

a

1-mL

volume of substrate solution to be

The change in absorbance of the

substrate was

monitored at the wavelength for maximum absorbance of the
respective product formation for a 15-min. period.

16.

Z.Ierir'neiQr. _af_Lazyme catalyt_i
a.

Troertil,a

Greater Kax
1) Ereparatign of ttierj, .tract.

were transferred to a Dounz homogenizer and
ice cold tris buffer (0.05 M tris, 0.1

The larvae

extracted with

M EDTA, pH 7.85).

The extract was centrifuged (23,000 x g, 30 min., 2°C).

The

liquid was decanted and filtered through a millipore filter
(0.45u).

The filtrate, which was clear, but had a yellowish

appearance, was stored on

ice.

The resultant liquid was

assayed for esterase activity and protein concentration.
2) Ammoniumulfatt_fraLLILismatin.
monium sulfate crystals were added

Solid am-

directly to the above

crude extract to yield the desired percent saturation.
solid

was carefully added

The

slowly over a pericd of 45 min.

The solution was stirred constantly

during the period, and

the temperature was he:d constant at 2-3C.

The solution

was then stirred slowly for an additional 30 min. after all
of the solid

had completely

then transferred

dissolved.

tc centrifuge

The solution was

tubes and

centrifuged

22
(17,700 x
stored

g, 30 min., 2°C.

in

the cold

room.

The liquid
The

was decanted and

resultant

pellet

was

discarded.

3) ar_15_mILLeLLilarleat_glIromat.Qzrapty.
volume of

the 50%

saturated

ammonium

sulfate

A 3-mL
protein

solution was applied to the top of a column packed with G-75
sephadex

resin.

The column was washed with several volumes

of elution buffer (0.05 M tris, 0.1
1-mL fractions were collected.

M EDTA, pH 7.85) and

Each of the fractions was

monitored for protein content at 280 nm.

The fractions that

showed the highest absorbance were pooled

and

used as the

desalted protein solution for the kinetic reaction series.
14

EL/erase assay.

Esterolytic activity cf the

esterase was determined with the desalted
from the above procedure.

protein solution

All of the tests for esterase

activity were performed at 20°C and pH 7.85.
were monitored
Response

over

a

5 -min. period

UV/Vs spectrophotometer.

Reaction rates

with

the Gilford

The

evolution of

salicylic acid, p-hydroxybenzoic acid, and m-hydroxybenzoic
acid products was monitored at 296 nm, 279.8 nm, and 287 nm,
respectively.

One mL of substrate solution to be tested was

added to each of 2 cuvettes.
solution

was added

A ',00-uL aliquot of the enzyme

to the reaction ouvette, and

a 300-uL

aliquot of tris buffer (0.05 M tris, 0.1

V EDT, pH 7.85)

was added

The evolution of

to

the

reference cuvette.

product was monitored over a 5-min. period.
was repeated

with

each

This procedure

of the three substrate solutions

several times, with each repetition utilizing a different

23
dilution

of substrate for kinetic

reacticns were finished, the data

purposes.
were

After all

analyzed

using

Lineweaver-Burk plots.
5) ErQ

The

nle.t.rminitIQn •

protein

concentration

of the

solution

was

determined

the 280/260 absorbance technique.

The

by

desalted

protein

solution was analyzed at 28C and 260 nm.

The absorbance at

260 nm was divided into the absorbance reading at 280 nm.
Next, the 280/260 factor
corresponding

with

a

was determined

1 -cm

cuvette.

from

a

table

This factor

was

multiplied by the 280 nm absorbance reading to yield protein
concentration in mg/mL.
b.

.c.a..rt.slx.y.1..aL.1_e_r_jaysirsLiaLe •

Comm

1) G-15._JmQig:slIliar_zieye_hrQmatQiirahy.

A 0.5

mL volume of the commercial enzyme solution was applied to
the top of a column packed
column was washed

with 0-75 sephadex

The

with several volumes of elution buffer

(0.05 M tris, 0.1 M EDTA, pH 7.8E) and
collected.

resin.

1-mL fractions were

Each of the fractions was monitored for protein

content at 280 nm.
absorbance were

The fractions that

pooled

and

showed

used as the desalted

highest
protein

solution for the kinetic reaction series.

2) Commeraial_ezteray.

All assay

pro-

cedures for the determination of kinetic properties of the
commercial esterase were carried out in the same manner as
procedures from section 16, part a. 4) above.

24
3% Ers2lein_sitIerminatimmergial_enzymel.
The protein

determination

procedure employed

for

the

commercial esteraf-..e was the same procedure carried out in
section 16, part a. 5) aboe.
17.

f_P_SLatillatous inactlYiaIlon .2f_thg

rgater Wax Boti-

Lania CarboxyleLIerase
Solutions of acetone
acetone

powder

powder/mL), 70% ammonium

preparation (0.2
sulfate

precipitate

preparation and 50% ammonium sulfate solution were tested
for esterase activity after
days.

1

hr., 4 hr., 25 hr., and 25

The solutions were stored at 4 c C, pH 7.85 with tris

buffer (0.05 M tris, 0.1 M EDTA).

•

III.
A.

RESULTS

Ilitraii2let_AtLpriLtil2n_s2f_AkIY1LaliQx.1.1Q_AQILLansi
Salicylic Acid
The absorption spectra of 10 -4 M

acetylsalicylic acid

salicylic acid

and

in tris buffer (0.05 M tris, 0.1

M

EDTA, pH 7.85) are shown in Figures 1 and 2, respectively.
The maximum absorption for salicylic acid occurred at 295.6
nm.

The ultaviolet absorption of salicylic acid at various

concentrations in tris buffer (0.05 M tris, 0.1 M EDTA, pH

7.85) is shown in Figure 3.

The absorbance was monitored at

296 nm, and a linear increase in absorption with increasing
concentration of salicylic acid was observed.
B.

Ultraviolet Absorption of Q=Acetyl-m=hydroxybenzolo Acid
land m-Hydroxybenzoic_Acid
The absorption spectra of 10-4 M m-hydroxybenzoic acid,

and 0-acetyl-m-hydroxybenzoic acid in tris buffer (0.05 M
tris, 0.1

M EDTA, pH 7.85) are shown in Figures 4 and 5,

respectively.

The maximum absorption for m-hydroxybenzoic

acid occurred at 287 nm.

The ultraviolet absorption of m-

hydroxybenzoic acid at various concentrations in tris buffer
(0.01 M tris, 0.1
The absorbance

M EDTA, pH 7.85) is shown in Figure 6.

was monitored

at 287 nm, and

a linear

increase in absorption with an increasing concentration of
m-hydroxyberzoic acid was observed.

Figure 1.

The absorption spectrum of salicylic acid in tris

buffer (0.05

M

tris, 0.1

M

EDTA, pH 7.85, 20°C).

Concentration of salicylic acid is 1 x 10- M.

Figure 2.

The absorption spectrum of acetylsalicylic acid

in tris buffer (0.05 M tris, 0.1 M EDTA, pH 7.85, 20°C).
Concentration of acetylsalicylic acid

is

1

X

-4
10
M.

0 '2

ABSORBANCE

O 08 -

0.06 -

O 04 -

O 02

300

WAVELENGTH nm)

350

Figure 3.

The absorption of salicylic acid in tris buffer

(0.05 M tris, 0.1

M FDTA, pH 7.85, 20°C) at 296 nm.

Concentrations of salicylic acid
dilutions of it.

are

1

x

-6
M and
10

Figure 4.

The absorption spectrum of m-hydroxybenzoic acid

in tris buffer (0.05 M tris, 0.1 M EDTA, pH 7.85, 20°C).
Concentration of m-hydrcxybenzoic acid is 1 x 10-4 M.

03

ABSORBANCE

02-

01 -

200

300

WAVELENGTH (nm)

400

Figure

5.

The

absorption

spectrum of 0-acetyl-m-

hydroxybenzoic acid in tris buffer (0.05 M tris, 0.1
EDTA, pH 7.85, 20°C).

M

Concentration of 0-acetyl-m-

hydroxybenzoic acid is 1 x 10-4 M.

Figure 6.

The absorption of m-hydroxybenzoic acid in tris

buffer (0.05 M tris, 0.1
287 rim.

M

EDTA, pH 7.85, 20°C) at

Concentrations of m-hydroxybenzoic acid are

-6
1 x 10 M and dilutions of it.
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UltraY_10 1 e1

fQ-A.C_tlal-Jp-hy.drs2Iybenzo..1_QAi

Abz_QrptiOn

Brid 4-Eydroxybenz.olL_ Acid
-4
The absorption spectra of 10
M p-hydroxybenzoic acid,
and C-acetyl-p-hydroxybenzoic acid

in tris puffer (0.05 M

tris, 0.1 M EDTA, pH 7.85) buffer are shown in Figures 7 and
8,

respectively.

The

absorption

maximum

hydroxybenzcic acid occurred at 279.8 nm.
absorption

p-hydroxybenzoic

of

for

p-

The ultraviclet

acid

at

concentrations in tris buffer (0.05 M tris, 0.1

various

M EDTA, pH

7.85) is showr in Figure 9.

The absorbance was monitored at

279.8

increase

nm,

and

a

linear

increasing concentration

of

in

with

absorption

p-hydroxybenzoic

acid

was

observed.

D.

AmmoLdum .1,11fate
Partial purification of the esterase from greater wax

moth larvae began with a 50% ammonium sulfate fractionation.
The crude enzyme preparation
material.

Activity

was

used

was monitored

acetyl-p-hydroxybenzoic acid

at 279.8 nm using 0-

as the substrate.

shows the initial purification data.
reduction of protein

by

as the starting

Table

1

There was an initial

approximately 50%, wth a

large

increase in specific activity.

F.

Ers2teni peLAlling „lad ;.ancenLrAI.I.Qn
A 45-mL volume of the ammonium sulfate fractionation

solution was used as the starting material for this process.
The material was desalted and concentrated simultaneously to

Figure 7.

The absorption spectrum of p-hydroxybenzcic acid

in tris buffer (0.05 M tris, 0.1 M EDTA, pH 7.85, 20°C).
Concentration of p-hydroxybenzoic acid si 1 x 10-4M.

"I

Figure

8.

The

absorption

hydroxybenzoic acid

spectrum

of O-acetyl-p-

in tris buffer (0.05 M tris, 0.1 M

EDTA, pH 7.85, 20°C).

Concentration of C-acetyl-p-

hydroxybenzoic acid is 1 x 10-4 M.
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Figure 9.

The absorption of p-hydroxybenzoic acid in tris

buffer (0.05 M tris, 0.1
279.8 nm.
1 x 1C

-6

M

EDTA, pH 7.85, 20°C) at

Concentrations of p-hydroxybenzoic acid is

M and dilutions of it.

Table 1.
Purification Data for the
Greater Wax Moth Larva Carboxylesterase

Step

Volume
(mL)

Crude

165

305.25

.108

50% NH SO
4 4

164.5

161.21

1.415

Total Protein
(mg)

Specific Activity
(umol/min/mg)

(pre-conc.)
50% NH 4SO
4

6

32

.204

(post-cone.)
DEAE
Fraction-7

2.50

6.00

.334

DEAE
Fraction-8

2.50

6.50

.354

DEAE
Fraction-9

2.50

2.0F

.556

Pooled
Fraction 7 & 8

3.05

7.57

.176

G-200
Fraction-29

1.50

<300 ug

>.700

G-200
Fraction-30

1.50

<300 ug

>.700
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a final volume of approximately 6 mL.

Table 1 shows the

data collected during this process.

F.

DEAL=Cellulpse An
Figure

10

shows the elution

cellulose column.
the initial
activity

Exchange Chromatogra

wash

pattern of the DEAF-

Three fractions (7,8,9) collected during
process were found to have enzymatic

using 0-acetyl-p-hydroxybenzoic acid

substrate.

as the

Each of the three fractions which contained

active enzyme was found in the first peak of protein eluted
from the column.

A

second

peak of protein was observed

during the application of a linear E.Ellt gradient.

These

fractions were analyzed and were found to be absent of any
observable enzymatic activity.

Table

1

shows the data

collected during the chromatographic process.

G.

G-200 Q.el Filtration
Figure 11 shows the elution pattern of the G-200 column.

Multiple peaks of protein were observed during the elution
of the G-200 column.

Two of the fractions were shown to

have enzymatic activity (29,30).

Table 1 shows the dEita

collected during the chromatographic process.
H.

folyacrylamide Gel Electrophoresis
Figure 12 shows the electrophoretic patterns of the DEAE

and G-200 samples.

Samples from the DEAE-cellulose column

and from the 0-200 column which showed enzymatic activity
were applied to a polyacrylamide stacking Eel for separation
of proteins.

Multiple bands of protein appeared from the

Figure 10.

Elution pattern of the greater wax

carboxylesterase
elution.

from

moth larva

DEAE-cellulose using linear

The solid line represents absorbance at 280 nm,

and the dashed line represents the specific activity ir
umol/min/mg protein.

'ON NOLLOVad

0

0

(micromoie/minimg

SPECIFIC ACTIVITY

0

protein)

0

fs,)

ABSORBANCE (280 nm)

Figure 11.

Elution

pattern of the greater wax moth larva

carboxylestera se
chromatography.

from

G-2 0 0

sephadex

column

The solid line represents absorbance at

280 nm, and the dashed line represents specific activity
in umol/minimg protein.

Figure 12.

Non-denaturing polyacrylamide gel

electro-

phoretic patterns of (a) G-200 fraction and (b) DEAEcellulose elution fraction, from a
resolving gel.

3% stacking, 9%

The fractions were electrophoresed for

four to six hours with a constant current of 35 mA, and
silver stained for protein.

DOCIINENT3
ot
ELL
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PEAF sample, but only

a

single strong band of protein

appeared from the 0-200 sample.

This strong band of protein

from the 0-200 sample appeared in the DEAE sample, and there
was a loss of many extraneous protein bands.
I.

Spontaneous BYdrDiYa..iL

Figure

1

shows the effect of 50% saturated ammonium

sulfate on the rate of hydrolysis with the ortho, par2, and
meta substrate molecules.

Tt was determined

to

have

a

considerable effect on reaction rates, and all subsequent
reactions

were

performed

using

a

desalted

enzyme

preparation.

J.

4,0nIaneous_Exiirplyz1„5_Df_lit.aIrate witb_jar_iatiQnz
in_DE
Various rates of hydrolysis were observed with each of

the substrate molecules when different pP values were used
for

the

solutions as shown in Figure 14.

The rates of

hydrolysis were determined to have considerable effects on
reaction rates.

All three substrates (meta, ortho, and pare

isomers) showed substantial rate of hydrolysis at pH values

> 8.0.

0-acetyl-m-nydroxybenzoic acid, and 0-acetyl-p-

hydroxybenzoic acid underwent less spontaneous hydrolysis
when pH was less than 8.0.

0-acetyl-o-hydroxybenzoic acid

(acetylsalicylic acid) seemed to spontaneously hydrolyze at
a considerable rate with

pH

values above and

below

8.0.

During the remainder of the research, all experiments were
performed at a pH vahle of 7.85.

Figure 13.

Spontaneous hydrolysis of the

substrate

molecules with 50% saturated ammonium sulfate solution.
The substrate concentrations are 1 x 10-2M in tris buffer
(0.05 M tris, 0.1

M EDTA, pH 7.85, 20°C).

The open

circles represent p-hydroxybenzoic acid, solid squares
represent salicylic acid, and open triangles represent mhydroxybenzoic acid.

Figure 14.

Spontaneous hydrolysis of

molecules with variations in pH.
the substrates were
tris, 0.1

1

x

the

substrate

The concentration of

-2
10
M in tris buffer (0.05 M

M EDTA, pH 7.85, 20°C).

The solid circles

represent p-hydroxybenzoic acid, the solid
represent

salicylic acid, and

represent m-hydroxybenzoic acid.

the

solid

triangles
diamonds
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K.

cir_15.__EQ1tQl.ii.ar_ity_e_C:lrQmatQlgxlay_11111,1pn_Qf_Il1t
Cirgr Wax Motti_karia_LLI
Figure

1

is a typical protein elution pattern from the

G-75 chromatographic procedure.

Approximately ten fractions

were collected and monitored for protein content.
4, 5 and 6 were combined and

used

Fractions

in the determination of

catalytic properties.

L.

._7_1.5._Mclesilar_Lieik_filrQz4lIQiir.a12by_E112112n_Df_the
Commercial Esterase from Porcine LivIr
Figure 16 is a typical protein elution pattern from the

G-7; chromatographic

Approximately fifteen

procedure.

fractions were collected and monitored for protein content.
Fractions 6, 7

and

8, were combined

and

used

in

the

determination of catalytic properties.

M.

Cat.alytic Propertlea_DI_Iba .rater WxMQIia_LAria_car=
b xyigzItrwrid

,zmerc.i.ai_C.ArboxyltLler_HydrAQ.152L_e
ief2

frox Porcine Llyg"
The kinetic behavior of enzymes has been characterized
by L. Michaelis and M. L. Menten (1913) who hypothesized the
existence of an enzyme-substrate (ES) complex as the basis
for

a

theoretical

analysis of enzymatic

reactions.

The

overall reaction is written as:

>

[ES]

with the

rate of reaction

being

(1)

P + F

equal

to the

rate of

dissociation of the enzyme-substrate complex (ES).
Michaelis-Menten equation (2) is given as:

The

Figure 15.

The G-75 elution pattern for the greater wax

moth larva esterase.
for protein content.

Fractions were monitored at 280 nm

Figure 16.

The G-75 elution

c arboxyl ester

pattern for the commercial

hydrolase from

porcine lfver.

The

fractions were monitored at 280 rim for protein content.
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V

=

may

[S]
(2)

Km + [S]

where v = initial velocity, V max = maximum velocity, ES] =
substrate concentration, and Km = Michaelis constant which
is the substrate concentration at which the enzyme reaction
The equation can be

rate is one-half the maximum velocity.

rearranged to form a straight line by taking the reciprocal
of both sides of equation (2):
1

Km

1

1
(3)

V

By

[S]

max

V

max

plotting the reciprocal of 1/v versus 1/[S], it was

possible to calculate the Km as the intercept of the X-axis
and V

max

as the intercept of the Y-axis (28).

The experiment was performed in order to determine the
esterase affinity for different substrates.

These values

were compared to kinetic values obtained from a commercial
carboxylester hydrolase.

It has been established that the

esterase has a wide range of substrate specificity and has a
different rate of reaction with different substrates.

It

was possible to determine how the different isomers of
acetylsalicylic acid affect the activity of the greater wax
moth larva esterase, and
hydrolase.

the commercial carboxylester

Substrates used for

the determination of

catalytic data were acetylsalicylic acid, 0-acetyl-phydroxybenzoic acid, and 0-acetyl-m-hydroxybenzoic acid.

L6
The enzymes were assayed at varying concentrations of
acetylsalicylic
hydro x ybenzoi c

acid

isomer', 0-acetyl -p -

( ortho

isomer), and 0-acetyl-m-

acid (para

From the Lineweaver-Burk

hydroxybenzoic acid (meta isomer).
plot (Figure 17) the Km and V
uM

and 0.046 umol/min/mg

max

were determined to be 7.62

protein, respectively, using

acetylsalicylic acid as the substrate for the commercial
With 0-acetyl-p-hydroxybenzoic acid

enzyme.

as the

substrate for the commercial esterase (Figure 18) the Km and
V

max

values were 1.67 uM and

1.11

umol/min/mg

protein,

With 0-acetyl-m-hydroxybenzoic acid as the

respectively.

substrate for the commercial esterase (Figure 19) the Km and
it:

were

1.61

uM

and

0. 2 2 7

substrate for the greater wax
Km

protein,

Using C-acetyl-p-hydroxybenzoic acid as the

respectively.

2C) the

umo2/min/mg

and

V

a

moth larva esterase (Figure

values

umol/min/mg protein respectively.

were

9.09 uM and 0.116

Table 2 is a summary of

the data from the catalytic studies performed with both the
greater

wax

moth larva

esterase, and

the commercial

carboxylester hydrolase from porcine liver.

N.

511t.iii.tY_Qf_th2_arkrWiiik E_QI1a_karia CarbQxYlestera..5e._Enzyme
Solutions of different larval preparations were tested

for esterase activity after certain periods of time to
determine their stability.

The solutions were stored at

in tris buffer (0.05 M tris, 0.1
testing periods.

OC

M EDTA, pH 7.85) between

Table 3 is an illustration showing the

Figure 17.
and

V

max

The Lineweaver-Eurk plot for determination of Km
values using the commercial esterase with

acetylsalicylic acid as the substrate.
were

monitored

over a 5 -min. period.

Reaction rates
The substrate

concentrations were 1 x 10-2M and dilutions of it in tris
buffer (0.05 M tris, 0.1 M EDTA, pH 7.85, 20cC).

Figure 1E.
and V

max

The Lineweaver-Burk plot for determination of Km
values using the commercial esterase with 0-

acetyl-p-hydroxybenzoic acid as the substrate.
rates were monitored over a 5-min. period.
concertrations were 1

x

Reaction

The substrate

10-3 M and dilutions of it in tris

buffer (0.05 M tris, 0.1 M EDTA, pH 7.85, 20°C).

0

0

0

1
2

4

6

1 / jSi (micromoies)

,1"

8

0

Figure 19.
and V

The Lineweaver-Burk plot for determination of Km
values using the commercial esterase with 0-

acetyl-m-hydroxybenzoic acid as the substrate.
rates were monitored over a
concentrations were 1

-min. period.

Reaction

The substrate

x 10-3 M and dilutions of it in tris

buffer (0.05 M tris, 0.1 M EDTA, pH 7.85, 20°C).

Figure 20.
and

V

max

The Lineweaver-Burk plot for determination of Km
values using

the greater

wax

moth

larva

carboxylesterase with 0-acetyl-p-hydroxybenzoic acid as
the substrate.
min. period.

Reaction rates were monitored over a 5The concentrations of the substrate were 1

-2
x 10 M and dilutions of it in tris buffer (0.05 M tris,
0.1 M FDTA, pH 7.85, 2000).
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Table 2.
Catalytic Data for the Greater Wax Moth Larvae
Carboxylesterase and for the Commercial
Carboxylic-ester Hydrolase

Isomer

Greater Wax Moth Larva
Carboxylesterase

Commercial Carboxylester
Hydrolase from Porcine Liver

V

max
(umol/min/mg)

Km
(uM)

Para

0.116

9.09

Ortho

0.046

7.62

Para

1.11

1.67

Meta

.227

1.61

Table 3.
Spontaneous Inactivation of Esterolytic Activity

Preparation

% Specific Activity

Stored at 30C

T me

Acetone powder
(tris buffer solution)

1 hr.
4 hr.
25 hr.

100.0
58.8
41.2

70% Ammonium sulfate
ppt. (triE buffer solution)

1 hr.
4 hr.
"2
hr.

100.0
72.2
5.6

50% Ammonium
sulfate supernatant

16 hr.
15 days
18 days

Remaining

90.0
76.0
63.0
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increase in enzyme stability with an increase
purification.

A

solution made from

the

in

partial

acetone

powder

preparation lost 59% of its activity after 25 hr., the 70%
ammonium sulfate precipitate lost 45% of its activity after
20

hr., and

the

50%

supernatant lost only
storage.
enzyme.

ammonium

sulfate fractionation

VT% of its activity after 18 days of

The presence of ammonium sulfate stabilizes the
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IV.

A.

DISCUSSION AND CONCLUSION

Purification
The purification procedures followed during this project

were designed to show certain similarities and differences
in studies performed
millet.

earlier (1) on germinated finger

The ammonium sulfate fractionation used was a 50%

saturation in which the protein remaining in solution was
saved and the precipitated protein

was discarded.

The

specific activity calculations made on the ammonium sulfate
fractionation preparation was probably higher than normal
since the protein was not desalted before the readings were
taken.

On the other hand, the ammonium sulfate seemed to

help stabilize the protein.
less activity over

a

The protein appeared to lose

much longer

period

compared with the crude preparation.

of time when

However, since the

ammonium sulfate was responsible for a substantial amount of
spontaneous hydrolysis of the substrate molecules, it would
be difficult at best to prove how much of the specific
activity was due to the enzyme and

how

much

was due to

spontaneous hydrolysis by the ammonium sulfate.

But, the

protein did appear to be fairly stable during long-term
storage in the 50% saturated ammonium sulfate solution.
The DEAE-cellulose chromatographic

procedure was

repeated several times before optimal conditions were found.
Upadhya and Veerabhadrappa et al. (1) showed three separate

57
peaks of activity being eluted from the column, the first
the

from the initial wash, and

stepwise

next two from

One fraction

elution at 0.2 M and 0.3 M NaC1, respectively.

containing active enzyme was eluted during the initial wash
Linear salt

of the DEAE-cellulose column in these studies.

elution was employed several times and a small amount of
protein was eluted between 0.2 M and 0.3 M
protein, however, failed

to show

any

NaCl.

activity

This
with

appropriate substrate molecules.
After the appropriate fractions were electrophoresed,
attempts

were made to stain the gel for esterolytic

activity.

The carboxylesterase could then be electroeluted

from the stained section of the gel.

Attempts to stain the

gels were unsuccessful and electroelution procedures were
not attempted.
An error was carried
procedures.
buffered

throughout the

purification

The substrates used spontaneously hydrolyzed in
solutions

at

different

rates.

The

more

concentrated the substrate in solution, the higher was the
rate of spontaneous hydrolysis.

The reacticn

mixture

contained an additional 300 uL of ammonium sulfatesolution
compared

with

the reference mixture.

The substrate

concentration in the reference mixture was slightly more
concentrated than that of the reaction mixture.

The more

concentrate solution hydrolyzed more rapidly, and thus, the
actual specific activity
procedures should
sulfate present.

rates for the

be slightly

purification

higher without ammonium

Ammonium sulfate present, hydrolyzing the
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substrate molecules in the reaction mixture at an additional
rate, actually lowers the specific activity.
B.

Qatalylic Proper11&45
One of the substrate molecules used in the determination

of catalytic properties and in the purification procedures
was 0-acetyl-p-hydroxybenzoic acid.

This substrate had not

been previously cited in publications, and was of particular
interest.

Previous studies by Juraimi (29) showed that 0-

acetyl-p-hydroxybenzoic acid (para isomer) had a lower Km
and a higher V max value compared to acetylsalicylic acid
(ortho

This suggested

isomer).

that

the

larval

carboxylesterase had a greater affinity for the para isomer
than for the ortho isomer.

It was suggested that the para

isomer, with its functional groups further apart, caused
less steric hindrance and hence the increase in activity.
Current studies have supported this finding with the use of
a commercial carboxylester hydrolase.

In the studies, the

ortho, meta and para isomers were used.

The para and the

meta substrates had similar Km values for the enzyme, and
the ortho substrate had a lower value.

This would suggest

that the para and meta substrates had a greater affinity for
the carboxylesterase than did the ortho isomer.
the kinetic

data

using

the

para

and

substrates were unadjusted data values.

meta

Values for
isomers as

The values using

the ortho isomer as the substrate were adjusted using the
para isomer as a control for activity loss during a delay
period of three days.
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C.

Enzam_2_5t.alaillta
The enzyme stability was greatly increased with the 50%

saturated

ammorium sulfate sclution.

activity

readings should

desalted.

In

the future all

be taken after the

protein is

The salt increased the stability, but it also led

to inaccurate activity rates when present.

It is apparently

common knowledge that ammonium sulfate acts to stabilize the
enzyme because chemical companies ship enzymes to customers
in various solutions of ammonium sulfate.
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